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(54) Variable injection liole type f uei injection nozzle 



(57) A nozzle is provided wherein thie operation of 
injection hole groups is switched from one to another in 
accordance with the axial displacement of a spool valve 
(7). A nozzle body (3) has a bottomed hole (304). and a 
plurality of injection hole groups (34.35) are provided at 
different circumferential levels In the side wall of the bot- 
tomed hole (304). the injection holes (340,350) at differ- 
ent circumferential levels being different in diameter from 
each other. The valve portion (70) of the spool valve (7) 
is urged by a spring (8) so that the lower end of the valve 
portion abuts against the base of the bottomed hole 



(304) in the normal condition. Moreover, a fuel passage 
(76) communicates with one of the injection hole groups 
(35) in the normal condition and communicates with the 
other injection hole group (34) at a position where the 
valve portion (70) is displaced axially against the spring 
force on receiving the pressure of pressurized fuel. In 
addition, a braking means (9) is used to fixedly hold both 
the axial positions of the spool valve (7). depending on 
the operating condition of an engine. 
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Description 

The present invention relates to a fuel injection noz- 
zle and more particularly to a variable injection hole t/pe 
fuel injection nozzle. ^ 

Extreme importance has been directed to NOx 
reduction in the low-speed, light-load region and to 
smoke reduction in the high-load region of a diesel 
engine. In order to cope with the former, it is prefen-ed to 
reduce the initial injection rate by effecting fuel injection io 
for a good length of time using small-diameter injection 
holes and to establish optimum burning condition by 
accelerating fuel atomizatlon, whereas in order to solve 
the latter, it is preferred to effect fuel injection for a short 
time using large-diameter injection holes. is 

However, conventional fuel injection nozzles of the 
sort referred to above make it impossible to deal with the 
problems that have been posed so far. 

In order to take steps to deal with the aforemen- 
tioned problems, there has been proposed a variable 20 
injection nozzle designed for the injection hole area to 
be made variable and for the injection hole to be made 
switchable as desired by means of an actuator. An injec- 
tion nozzle of such a type that has been proposed in Jap- 
anese Patent Unexamined Publication No. She 60- 25 
36772 is of such a translation type that injection holes 
are controlled by moving a valve in the axial direction. 

In this prior art, a first and a second injection hole 
group are provided at different levels in the hole wall in 
the leading end portion of a nozzle body, whereas a 30 
through-hole is formed on the axial line of the hole of the 
nozzle body Moreover, a spool valve formed with a land 
is inserted through the through-hole so as to make a rod 
portion face the position of the second injection hole 
group, and the spool valve is moved axially by an actu- 35 
ator (electromagnetic solenoid) provided above the noz- 
zle kxxly. 

However, there arises a problem from the aforemen- 
tioned construction in that because the lower end of the 
spool valve is made a surface where the internal pres- 40 
sure of the engine is received, control force great enough 
to hold the position of the spool valve against the shaft 
power due to the pressure in the engine cylinder is 
needed. Consequently, not only the spring and the actu- 
ator but also the injection nozzle tend to become large- 4S 
sized. 

Another problem inherent in the prior art is that since 
the edge face of the spool valve is exposed in the engine 
cylinder, seizing at high temperatures due to the burning 
of the fuel in the cylinder occurs or stable operation is so 
easily ruined as free cartDon sticks and accumulates. 

While the diameters of the injection holes in the first 
and second prior art injection hole groups are made 
equal, fuel is jetted from the first injection hole group 
when the needle valve is opened and the second injec- ss 
tion hole group is also opened via the rod portion at the 
time the actuator and the spool valve are lifted so as to 
jet the fuel from both the first and second injection hole 
groups. As a result, the first injection hole group is always 



kept open at the time of low and high loads, the problem 
in this case is that since the plurality of injection hole 
groups are uncontrollable individually it is impossit)le to 
make the diameters of the injection holes variable so as 
to effect optimum atomization. 

Therefore it is the object of the present invention to 
provide a variable injection hole type fuel injection nozzle 
to overcome the foregoing problems. More particularly 
the invention provides a variable injection hole type fuel 
injection nozzle designed so that means for controlling 
the position of a spool valve is small-sized and that the 
operation of the spool valve is made smooth to ensure 
that fuel injection to be carried out by a plurality of injec- 
tion hole groups can be controlled individually as 
desired. 

This object is solved by the variat)le injection hole 
type fuel injection nozzle of independent claim 1 . 

Further advantageous aspects and details of the 
invention are evident from the dependent claims, the 
description and the drawings. The claims are intended 
to be understood as af irsl non-limiting approach of defin- 
ing the invention in general terms. 

In order to solve the object above, a variable injection 
hole type fuel injection nozzle according to the present 
invention comprises: 

a nozzle body having a bottomed hole for guiding 
pressurized fuel to the leading end portion of a nozzle 
needle below its seat portion, a plurality of injection hole 
groups being provided at axially different drcumferential 
levels in the side wall of the bottomed hole, the injection 
holes at different circumferential levels being different in 
diameter from each other; 

a spool valve v^ich is provided with a valve por- 
tion which passes through the axial center of the nozzle 
needle and whose leading end portion is fitted into the 
bottomed hole; which is urged by a spring so that the 
lower end of the valve portion abuts against the base of 
the bottomed hole in the normal condition, and which is 
provided with a fuel passage located in the valve portion, 
the fuel passage communicating with one of the injection 
hole groups at that location and communicating with the 
other injection hole group at a position where the valve 
portion is displaced axially against the spring force on 
receiving the pressure of the pressurized fuel; and 

braking means which is arranged in the upper 
region of the spool valve and securely holds both the 
axial positions of the spool valve. 

According to the present invention, the plurality of 
injection hole groups provided at axially different circum- 
ferential levels in the side wall of the bottomed hole are 
such that the diameters of the Injection holes at the same 
circumferential level are set equal and those of the injec- 
tion holes at different circumferential levels are rrmde dif- 
ferent. The spool valve is urged by the spring on the 
upper side up to a position (descent position) to abut 
against the hole base in the normal condition, when the 
fuel passage radially extending from the axial center at 
the above position communicates with one off the injec- 
tion hole groups. The spool valve is displaced axially on 



2 



vnin- <PP n7i3967Ai 1 > 



EP 0 713 967 A1 



receiving the pressure of the pressurized fuel when the 
nozzle needle is opened, and the fuel passage commu- 
nicates with the other injection hole group at that position 
(ascent position). 

■ a _ 1.1 — I . L :_ X__^^^ J.^ m^.>m»^Zmm ^* «Um, 
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axial position during the operation of the engine, for 
example, at the time of tow-speed, light-load and high- 
speed, heavy-load. 

While the diameters of the injection holes in the 
lower group are set small, whereas those of the injection 
holes in the upper group are set large, the spool valve is 
not lifted by the fuel pressure when the braking means 
is operated during the operation of the engine at the time 
of low speed and light load, so that the spool valve is held 
at the descent position. Then the upper injection hole 
group is kept closed with the peripheral face of the spool 
valve, whereby the pressurized fuel is injected from only 
the lower injection hole group including the small -diam- 
eter injection holes. Suitably atomized fuel injection can 
thus be carried out. 

During the operation of the engine at the time of 
high-speed, heavy-load, moreover, the spool valve is 
held at the upper position by operating the braking 
means wfhen the fuel pressure causes the spool valve to 
be lifted. Then the lower injection hole group is closed 
with the peripheral fece of the spool valve, whereby the 
fuel passage communicates with only the upper injection 
hole group including the large-diameter injection holes. 
A quantity of pressurized fuel is thus injected by the 
upper injection hole group including the large-diameter 
injection holes. 

The spool valve only abuts against the hole base or 
moves upward and is not exposed in the combustion 
chamber of the engine. Therefore, no seizing due to high 
temperatures occurs and the aforesaid displacement of 
the axial position is smoothly effected to ensure that the 
injection-hole switching injection can be carried out sta- 
bly for a long time. 

Moreover, the injection pressure and the spring force 
are utilized as the force of moving up and down the spool 
valve, respectively Since the one injection hole group is 
to be switched to the other injection hole group by braking 
the movement of the spool valve, control of their positions 
is facilitated. Moreover, the movement and position hold- 
ing of the spool valve are less affected by the axially- 
directed force caused by the pressure in the engine cyl- 
inder as the spool vatve is not passed through the hole 
in the axial direction. Therefore, the position of the spool 
valve is made controllable by smalt-sized electrical and 
mechanical elements and besides the fuel injection noz- 
zle is prevented from becoming large-sized. 

The above object and features of the present inven- 
tion will be more apparent from the following description 
taken in conjunction with the accompanying drawings. 

Fig. 1 is a vertical sectional side view showing a var- 
iable injection hole type fuel injection nozzle accord- 
ing to an embodiment of the present invention; 



Figs. 2A and 2B are enlarged views showing the 
leading end portion of the nozzle according to the 
embodiment of the invention, in which Rg. 2A shows 
the spool valve at the descent position, and Fig. 2B 
5 Qhnu/fi thA snnn\ valve at the ascent position; 

Rg. 3 is a sectional view illustrative of the lower injec- 
tion hole group-performing the injecting operation 
with the omission of the intermediate section 
according to the embodiment of the invention; 

10 Rg. 4 is a sectional view illustrative of the upper 
injection hole group performing the injecting opera- 
tion with the omission of the intermediate section 
according to the embodiment of the invention; 
Rg. 5 is a partial cutaway enlarged view showing the 

IS braking means in Fig. 1 ; and 

Rg. 6 is a transverse partial cutaway view showing 
the braking means shown in Rg. 5. 

A description will subsequently be given of an 
20 err^odiment of the present invention by reference to the 
attached drawings. 

Rgs. 1 to 6 inclusive, show a variable injection hole 
type fuel injection nozzle embodying the present inven- 
tion. 

25 In Fig. 1 , reference numeral 1 designates a nozzle 
holder txxJy; 2, a head cover securely and oil-tightly fitted 
via an 0-ring 200 to the upper end portion of the nozzle 
holder body 1 ; 3. a nozzle body coupled by a retaining 
nut 5 to the nozzle holder body 1 ; and 4, a nozzle needle 

30 internally fitted to the nozzle body 3. 

A first to a third hole 1 00a to 1 00c are vertically bored 
through the axial center of the nozzle holder body 1. the 
diameters of these holes being gradually enlarged from 
the fower end up to the upper end of the nozzle holder 

35 body 1. Moreover, a push rod 101 is slidably fitted in an 
area between the first and second holes 1 00a, 1 00b. Fur- 
ther, an adjusting screw 102 which is screwed into the 
internal thread of the third hole 100c is fitted in an area 
between the third and second holes 100c, 100b. and a 

40 nozzle spring 103 is held b^een the adjusting screw 
102 and the push rod 101. 

The nozzle body 3 has a stepped part 30 mating with 
the box hole base of the retaining nut 5 in the longitudinal 
mkl-portion of the outer face of the nozzle body 3, which 

45 also has a main portion 31 extending through the retain- 
ing nut 5 under the stepped part 30. In addition, a small- 
diameter injection hole part 32 is formed via a tapered 
part at the leading end of the main portion 31 . 

On the other hand, a guide hole 300 coaxial with the 

so first hole 100a of the nozzle holder body 1. and an oil 
reservoir 30 1 greater in diameter than the guide-hole 300 
are formed in the axial center of and from the upper end 
to the lower end of the nozzle body 3 as shown in Figs. 
3 and 4. Further, a leading hole 302 relatively smaller in 

55 -diameter than the guide hole 300 is bored under the oil 
reservoir 301 . Further, a conical seat face 303 is formed 
at the lower end of the leading hole 302 as shown in Fig. 
2A and 2B. Still further, a bottomed hole 304 through 
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which pressurized fuel is guided is formed continuously 
with respect to the seat face 303. 

The bottc '^led hole 304 has a large-diameter hole 
304a and a shaft hole 304b whose diameter is relatively 
smaller than of the former. 

A pressurized fuel port 104 to be connected to an 
inlet connector is provided on one side of the nozzle 
holder body 1 and communicates with the oil reservoir 
301 via the nozzle holder body 1 and passage holes 105. 
305 bored in the nozzle body 3. so that pressurized fuel 
is guided to the oil reservoir. 

The upper end of the nozzle needle 4 is coupled to 
the push rod 101, whereas a guide portion 40 slidable 
on the guide hole 300 is fitted to the outer periphery of 
the nozzle needle 4. Further, a tapered pressure receiv- 
ing part 42 for receiving fuel pressure in the oil reservoir 
301 is provided at the end of the guide portion 40. and a 
small-diameter shaft portion 43 for use in forming a tubu- 
lar fuel passage A is provided from beneath the pressure 
receiving part 42 with respect to the leading hole 302 as 
shown in Fig. 2A and 2B. A conical seat face 44 to be 
attached to and detached from the seat face 303 is also 
formed at the lower end of the small-diameter shaft por- 
tion 43. 

A plurality of injection hole groups communicating 
with the shaft hole 304b are disposed at a plurality of 
circumferential levels of the side wall of the injection hole 
part 32 surrounding the shaft hole 304b of the bottomed 
hole 304. 

According to this embodiment of the invention, as 
shown in Fig. 2A and 2B. there are an upper injection 
hole group 34 bored at a circumferential level in an area 
relatively dose to the base of the injection hole part, and 
a lower injection hole group 35 bored at another circum- 
ferential level in an area separated axially from the upper 
injection hole group 34. The upper and lower injection 
hole groups 34 and 35 include a plurality of injection 
holes 340 and 350 which are each bored at equal inter- 
vals. 

The upper and lower injection hole groups 34 and 
35 are adequately sloped down with respect to a line seg- 
ment perpendicular to the respective nozzle axial lines, 
and the upper and lower injection holes 340 and 350 
have the same diameter at the levels to which these 
injection holes belong, respectively. However, the diam- 
eters of the upper and lower injection hole groups 34 and 
35 differ from one another. Given that the diameter of 
each upper injection hole 340 of the upper injection hole 
group 34 is d1 ; and that of each lower irqection hole 350 
of the lower injection hole group 35. is d2; their mutual 
relationship is defined by d1 > d2. 

A spool valve 7 for directing the flow of fuel to the 
upper and lower injection holes groups 34 and 35 
respectively is arranged in the axial center ranging frown 
the bottomed hole 304 up to the head cover 2. 

More specifically, as shown in Fig. 3, a first hole 45a 
is formed from the lower end up to the middle position of 
the axial center of the nozzle needle 4; a second hole 
45b relatively smaller in diameter than the first hole 45a 



is formed from the lower end of the first hole 45a up to 
the upper end of the push rod 101 ; and a third hole 45c 
coaxial with and equal in diameter to the second hole 
45b is formed in the adjusting saew 102. 

5 The spool valve 7 is provided with a valve portion 70 
precisely fitted into the shaft hole 304b of the closed hole 
304 in such a manner as to be axially movable therein, 
the valve portion being located in an area running 
through the nozzle needle 4 and extending downward. 

10 The spool valve 7 is equipped with an intermediate large- 
diameter portion 71 precisely fitted into the first hole 45a 
of the nozzle needle 4 in such a way as to be axially mov- 
able therein, the intermediate portion being located a 
predetermined distance apart from the valve portion 70. 

15 Further, a small-diameter shaft portion 72 which is 
sufficiently thinner in diameter than the first hole 45a is 
provided between the intermediate large-diameter por- 
tion 71 and the valve portion 70, and a small -diameter 
portion 73 idly fitting into the first and third holes 45b and 

20 45c and extending upward from the end of the interme- 
diate large-diameter portion 71 . 

The intermediate large-diameter portion 71 thus 
precisely fitted is intended to prevent fuel leakage and to 
cause its underside 710 to produce the force directed 

25 upward on receiving the injection pressure. The small- 
diameter portion 72 al3sort^ discrepancy between the 
axes of the intermediate large-diameter portion 71 and 
the valve portion 70 by means of elastic deformation in 
addition to forming a passage for guiding the pressurized 

30 fuel to the aforementioned underside 710. 

Although it is preferred for the valve portion 70 arKl 
the small-diameter portion 72 to be formed integrally with 
the intermediate large-diameter portion 71. the valve 
portion 70 and the small-diameter portion 72 may be 

35 made separately from the intermediate large-diameter 
portion 71. if necessary, so as to integrate them in one 
body by welding, press-fitting and screwing. 

The valve portion 70 is long enough to reach the 
large-diameter hole 304a in such a state that its lower 

40 edge face is in contact with the base of the shaft hole 
304b. and an annular fuel passage 6 communicating 
with the fuel passage A when the nozzle needle 4 is 
opened is formed between the outer periphery of the 
valve portion 70 and the large-diameter hole 304a. Fur- 

45 ther, a plurality of radial holes 74 are provided in the 
upper end portion of the valve facing the annular fuel pas- 
sage B, and these radial holes 74 also communicate witii 
an internal fuel passage 7 bored axially in the valve por- 
tion. 

so Therefore, the valve portion 70 is formed into a tube 
due to the internal fuel passage 75 and besides a fuel 
passage 76 capable of selectively communicating with 
the upper and lower fuel hole groups 34 and 35 provided 
in the injection hole part 32 is formed in tiie tubular wall. 

55 The fuel passage 76 needs to be placed at a level 
at which it comrmnicates wrth the lower injection hole 
group 35 at a position (descent position) where the lower 
edge face of the valve portion 70 remains in contact with 
the shaft hole 304b. The fuel passage 76 according to 
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this embodiment of the invention includes one annular 
groove 760 laterally provided in the outer periphery of 
the valve portion, and a plurality of radial holes 761 for 
connecting the annular groove 760 and the internal fuel 

paceogo 75 T>iA p|ijra|jfy r>f rarlial hrij^^S 7^1 ar^ rirri im- 5 

ferentially provided at equal intervals. Preferably, the 
width of the annular groove 760 should be adequately 
greater than the diameter of any injection hole in the 
large-diameter injection hole group 34 even though there 
axially exists a slight error in machining the spool valve 10 
7, so that the annular groove is allowed to communicate 
with the injection hole group completely during the inject- 
ing operation. 

The spool valve 7 is urged downward by a spring 8 
placed at the head cover 2 to make its upper end portion 15 
run through the nozzle holder body 1 so as to effect the 
landing of the valve portion 70 at the descent position in 
the normal condition. Moreover, the axial position of the 
spool valve 7 is detected by a position sensor 1 4 secured 
in the head cover and held at that position by a braking 20 
means 9 in accordance with the operating condition of 
an engine. 

More specifically the head cover 2 is provided with 
a space 21 for enclosing the upper end portion of the 
adjusting screw 1 02 in an area including the axial center. 25 
On the other hand, a box hole 20 is formed from the 
upper end of the head cover 2 so as to exclude the inter- 
mediate wall, and the braking means 9 Is securely fitted 
by press-fitting to the base of the box hole 20, a stopper 

I I being f itted to the upper side of the braking means 9. 30 
The small-diameter portion 73 of the spool valve 7 is oil- 
tightly sealed with an O-ring 201 fitted to the through- 
hole of the intermediate wall. 

A large-diameter hole 110 and a small-diameter hole 

I II are coaxially formed from the underside of the stop- 3S 
per 11 . whereas a fitting hole 1 12 is provided from the 
surface thereof. The fitting hole 112 communicates via a 
small<liameter hole 113 with the small-diameter hole 
111, 

The braking means 9 is an electrical • mechanical 40 
means for allowing the spool valve 7 to axially move dur- 
ing the time of non-operation and for being forced to hold 
the axial position during the time of operation. The brak- 
ing means 9 according to this embodiment of the inven- 
tion is of a piezoelectric actuator type, though an 4S 
electromagnet may be used therefor instead. 

More specifically, the braking means 9 is equipped 
with a disc-like casing 90, a pair of laminated piezoelec- 
tric elements 91 contained therein, and a pair of press 
plates 92 each having presser faces corresponding to so 
the profile of the small-diameter portion of the spool valve 
7. 

The disc-like casing 90 has. as shown in Fig. 5, a 
vertical hole 900 whose diameter is large enough to 
make the small-diameter portion 73 of the spool valve 7 55 
axially movable and a lateral hole 901 made perpendic- 
ular to the vertical hole 900. 

The press plates 92 are arranged for the lateral hole 
901 in such a manner as to ^ce the small-diameter por- 
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tion 73 of the spool valve 7, whereas the laminated pie- 
zoelectric elements 91 are each arranged in the rear of 
the press plates 92. Further, plugs 93 for positioning and 
pressurizing the laminated piezoelectric elements 91 are 
f ittpH to t^e roftne<^ivA aiiHr of the lateral hole 90 1 by any 
one of the techniques such as press-fitting and screwing. 

Power supply lines 9 1 0 with respect to the laminated 
piezoelectric elements 91 are led out from the head 
cover 2 via the respective plugs or otherwise led out via 
the stopper 1 1 as shown in the drawing before being con- 
nected to the output of an external controller 1 2. 

A spring pedestal 1 3 is axially movably fitted into the 
large-diameter hole 1 1 0 of the stopper 1 1 , and the small- 
diameter portion 73 of the spool valve passing through 
the vertical hole 900 of the disc-like casing 90 is securely 
fitted to the spring pedestal 13. The spring 8 is held 
between the spring pedestal 13 and the base of the 
small-diameter hole 111 and used to press the spool 
valve 7 downward via the spring pedestal 13. It is needed 
for the spring 8 to be set so that it can exert force for 
allowing the valve portion 70 to reach the ascent position 
at the time of injection and allowing it to reach the 
descent position at the time of non-injection under any 
injecting condition. 

There is formed a gap c for regulating the stroke of 
the spool valve 7 between the surface of the spring ped- 
estal 13 and the base of the large-diameter hole 110. ~^ 
The gap c is so dimensioned as to make the annular 
groove 760 communicate with the upper injection hole 
group 34 in such a state that the valve portion 70 of the 
spool valve 7 has reached the ascent position. 

For gap adjusting purposes, further, a collar 1 14 is 
fitted to the outer periphery of the stopper 1 1 . and an 
adjusting shim 16 having a desired thickness is placed 
between the underside of the collar 114 and the surface 
of the head cover. Fixing screws 1 1 5 passing through the 
collar 114 are then used for tightening the head cover 

The position sensor 14 is a means for detecting the 
axially-directed positions (ascent and descent positions) 
of the spool valve 7 and fitted into the fitting hole 1 1 2 with 
a holder portion and besides a conductor is connected 
to the input of the controller 12. 

The position sensor 1 4 may be of either non-contact 
or contact type. Representative examples of the former 
and the latter are a contactless switch and a contact 
switch, respectively. The detecting portion 140 of the 
position sensor 14 faces the small-diameter hole 113, 
arxd a shaft portion 131 extending from the center of the 
surfoceof the spring pedestal 13 is slidably fitted into the 
small-diameter hole 113. 

An axial position signal of the valve portion is input 
to the input of the controller 12 from the position sensor 
14 and any other signal is also input thereto from sensors 
indicating the operating condition of the engine. Such 
sensors include a sensor 1 7 for detecting the number of 
revolutions (or a rotational angle sensor) of the engine 
or the fuel injection pump, and a load sensor 18 such as 
a rack sensor for the fuel injection pump, a throttle open- 
ing sensor and the like. 
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Further, programs have been built up for the control- 
ler 12 aocording to the map formed from data on the load 
and the number of revolutions beforehand so as to keep 
the spool valve 7, for example, at the descent position by 
operating the braking means 9 after obtaining a signal 
from the position sensor 1 4 at the time of idling and low- 
speed, light-load, and to keep the spool valve 7 at the 
ascent position by operating the braking means 9 after 
obtaining a signal from the position sensor 1 4 at the time 
of high-speed, heavy-load to make the fuel passage 36 
remain in a state conforming to the upper injection hole 
group 34. 

Incidentally, the timing at which control is exerted to 
switch the spool valve 7 from the ascent position to the 
descent position is preferably fixed at the time no axially- 
directed force due to the pressure in the engine cylinder 
is applied, that is. during the intake or exhaust stroke 
given by the engine so as to stabilize the energizing force 
derived from the spring 8. The timing can thus be mate- 
rialized by letting the controller 12 process the signal 
from the sensor 17 for detecting the number of revolu- 
tions and stopping supply i ng power to the braking means 
9 at the predetermined timing. 

Although the size of injecfion hole diameters has 
been set as the upper injection hole group > lower injec- 
tion hole group according to this embodiment of the 
invention, this order may be reversed. 

Although the fuel passage 76 has the annular groove 
760 according to this embodiment of the invention, more- 
over, the upper and lower injection hole groups may be 
replaced with radial holes corresponding in number and 
position to the former by dispensing with the annular 
groove 760; this is advantageous in that the dead volume 
is reducible. 

Although the laminated piezoelectric element 9 and 
the press plate 92 are made to cooperate to form a pair 
according to this embodiment of the invention, further, 
the invention is not limited to this example but may be 
inrplemented by forming two pairs in a cross mode or 
othenwise forming three pairs at intervals of 120^. 

A description will subsequently be given of the func- 
tions of the ennbodlments of the present invention. 

Since the spool valve 7 in the nornnal condition has 
been pressed downward by the spring 8. the valve por- 
tion 70 remains at the descent position and the fuel pas- 
sage 76 in this state communicates with the lower 
injection hole group 35. whereas the upper injection hole 
group 34 is closed with the outer peripheral face of the 
valve portion as shown in Rg. 2A and Fig. 3. 

The pressurized fuel is sent from the fuel injection 
pump (not shown) via the piping to the pressurized fuel 
port 104 arxl forced in the oil reservoir 301 via the pas- 
sage holes 105, 305 before being made to flow down 
through the annular fuel passage A therefrom. 

The fuel pressure simultaneously acts on the pres- 
sure receiving part 42 of the nozzle needle 4 located at 
the oil reservoir 301, and the nozzle needle 4 is lifted 
when the fuel pressure reaches the predetermined injec- 
tion pressure overcoming the setting force of the nozzle 



spring 1 03. Then the seat face 44 in the lower end portion 
is separated from the seat face 303 of the nozzle body 
3 and the valve opens. Consequently, the pressurized 
fuel enters the bottomed hole 304 and flows from the 

5 radial holes 74 opened to the valve portion 70 of the 
spool valve 7 into the internal fuel passage 75. 

Simultaneously, the pressurized fuel flows into the 
gap between the small-diameter shaft portion 72 of the 
spool valve 7 and the first hole 45a of the nozzle needle 

10 4 and presses the underside 710 of the intermediate 
large-diameter portion 71 upward; as this force is greater 
than that of the spring 8 in the head cover 2. the spool 
valve 7 is lifted until the spring pedestal 1 3 abuts against 
the base of the large-diameter hole 110 of the stopper 

15 11, that is, until the gap c disappears while being guided 
by the valve portion 70. the shaft hole 304b, the interme- 
diate large-diameter portion 71 and the first hole 45a. 
Thus the fuel passage 76 provided in the valve portion 
70 of the spool valve 7 is caused to move axially and 

20 reaches the ascent position. 

Then, the annular groove 760 mates with the upper 
injection hole group 34. whereas the lower injection hole 
group 35 is closed with the outer peripheral face of the 
valve portion 70. Therefore, the pressurized fuel passes 

25 from the internal fuel passage 75 through the large-diam- 
eter upper injection hole group 34 and is injected into the 
engine cylinder. 

As the pressure of the pressurized fuel being sup- 
pOed lowers, the nozzle needle 4 opens and simultane- 

30 ously the lifting force applied to the underside 710 of the 
intermediate large-diameter portion 71 of the spool valve 
7 decreases, whereby the spool valve 7 is forced down- 
ward by the force of the spring 8. Thus the valve portion 
70 is returned to the descent position. 

35 The axial nrK3vement of the spool valve 7 due to the 
aforementioned injection pressure is detected by the 
position sensor 14 in the head cover 2. 

While the spool valve 7 remains at the descent posi- 
tion, the leading end of the shaft portion of the spring 

40 pedestal 13 is separated from the detection end 140 of 
the position sensor 14 as shown in Fig. 3 and when the 
spool valve 7 moves to the ascent position, the leading 
erxi of the shaft portion 131 of the spring pedestal is 
made to atxjt against or set extremely dose to the detec- 
ts tion end 140 of the position sensor 14. 

When these two kinds of (on/off) signals are sent to 
a controller 14. the axial position of the valve portion 70 
is determined, that is, whether the fuel passage 76 is 
located at the upper or lower injection hole position can 

50 be determined. 

On the other hand, signals for indicating the load and 
the number of revolutions (or angle of rotation) of the 
engine or the fuel injection pump are continuously 
applied to the controller 12 from the sensors 18 and 17. 

55 The controller 1 2 processes the data on the position of 
the valve portion 70 and the load or the number of revo- 
lutions and causes power to be supplied to the braking 
means 9 selectively, whereby the spool valve 7 is forced 
to stay at either upper or lower injection hole position. 
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Thus the fuel is injected from the injection holes different 
in diameter. 

In other words, the signal from the controller 12 
causes power to be supplied to the pair of laminated pie- 

determined by the signal from the position sensor 14 to 
be at the descent position In the case where the engine 
remains in the low-speed, light-load condition. Thus the 
laminated piezoelectric elements 91 are deformed in the 
direction around which they center within the lateral hole 
901 , whereby the press plates 92 advance so as to con- 
tact the outer periphery of the small-diameter portion 73 
of the spool valve 7. Even when the lifting force derived 
from the injection pressure acts on the underside 710 of 
the intermediate large<liameter portion 71 as described 
above, the frictional force due to the press plates 92 pre- 
vents the spool valve 7 from moving in the axial direction 
and keeps it at the descent position. 

Therefore, the fuel passage 76 of the valve portion 
70 is held in such a state that it communicates with the 
lower injection hole group 35 as shown in Fig. 2A and 
Fig. 3. Since each Injection hole 350 in the lower injection 
hole group 35 has a small-diameter, the fuel is highly 
pressurized and dischargeable for a good length of time. 
Moreover, the fuel is atomized and becomes fit for cir- 
cumferential atomtzation. Therefore, an adequate fuel- 
air mixture is produced, which decreases percentage in 
delaying ignition and results in reducing NOx. 

While the engine is in the high-speed, heavy-load 
state, on the other hand, the signal from the controller 
1 2 stops supplying power to the pair of laminated piezo- 
electric elements 91 of the braking means 9. Thus the 
deformation of the laminated piezoelectric elements is 
released and allowed to restore their original thickness. 
Then the press plates 92 cease to move and the spool 
valve 7 is allowed to move axially and besides the injec- 
tion pressure applied to the underside 710 of the inter- 
mediate large-diameter portion 71 causes the spool 
valve 7 to lift off instantly, whereby the valve portion 70 
moves to the ascent position. 

When the movement of the valve portion 70 is con- 
firmed by the position sensor 14. the controller 1 2 issues 
the signal for supplying power to the pair of laminated 
piezoelectric elements 91 of the braking means 9. Thus 
the laminated piezoelectric elements 91 are deformed 
and the spool valve 7 is gripped by the press plates 92. 
Then the valve portion 70 is held at the ascent position, 
inrespective of the on/off of the nozzle needle 4. 

Consequently, the fuel passage 76 is kept commu- 
nicating with the upper injection hole group 34 as shown 
in Fig. 2B and Fig. 4 and since the injection holes 340 in 
the lower injection hole group 34 are relatively greater in 
diameter than those 350 in the lower injection hole group 
35. a large amount of fuel is injected into the cylinder for 
a short period in conformity with the engine condition. 
Then, combustion is effected at a stable, high output, so 
that smoke becomes reducible. Incidentally, it is pre- 
ferred for the upper injection hole group to execute fuel 
injection even when the engine is started. 



In the state that the engine is restored to the low- 
speed, light-load condition again, the braking means 9 
operates to stop supplying power and subsequently 
allows supplying power a^in when it is confirmed by the 

5 position RP-nsnr 1 4 that thiA valve portion 70 Stays at the 
descent position. Control of switching the upper injection 
hole group to the lower injection hole group like this is 
preferably exerted during the intake or exhaust stroke 
given by the engine, which is determined by the signal 

70 indicative of the number of revolutions or the angle of 
rotation of the engine from the sensor 17. 

While the valve portion 70 Is contained in the bot- 
tomed hole 304. it is actuated in any injecting condition 
arKi is less affected directiy by the axial force derived 

IS fronri the pressure in the engine cylinder, so that it is less 
affected by heat originating from the comtxjstion cham- 
ber of the engine. It is therefore ensured that the axial 
movement of the valve portion is smootiily made and set 
free from seizing. 

20 While no power is supplied to the braking means 9. 
fuel is injected by small-diameter and large-diameter 
injection holes by means of the fuel pressure. In other 
words, the small-diameter injection holes In the lower 
injection hole group 35 are first used when the fuel pres- 

25 sure causes the nozzle needle 4 to lift and subsequentiy 
the large-diameter injection holes in the upper injection 
hde group 34 are actuated when the spool valve 7 is 
lifted. This operation is repeated in accordance with the 
crank angle. 

30 As was described above, according to the invention, 
the plurality of injection hole groups 34 and 35 are pro- 
vided at axially different circumferential levels in the side 
wall of the bottomed hole 304 formed in the leading end 
portion of the nozzle body 3. the injection holes in the 

36 injection hole groups 34 and 35 at different circumferen- 
tial levels being different in diameter from each otiier The 
valve portion 70 of the spool valve 7 passed through the 
axial center of the nozzle needle 4 is positioned in the 
bottomed hole 304, and the spool valve 7 is urged down- 

40 ward by the spring 8 on the upper side so that the lower 
end of the valve portion abuts against the base of the 
txrttomed hole In the normal condition and that the valve 
portion is axially displaced by the pressure of the pres- 
surized fuel. The fuel passage 76 is provkied in the valve 

45 portion 70 at such a level that it communicates with the 
one injection hole group 34 at tiie descent potion, 
whereas it communicates with tiie other injection hole 
group 35 at the ascent position. Moreover, the braking 
means 9 provided on the upper side is used to fixedly 

50 hdd both the axial positions of the spool valve 7, depend- 
ing on the operating condition of the engine. Therefore, 
the freedom of setting the injection holes is extremely 
increased, whereby fuel can be injected with plurality of 
hole-diameter variations under the control of tiie braking 

55 means 9. Therefore, the present invention has the excel- 
lent effect of reducing not only NOx at the time of light 
load but also smoke at the time of heavy load. Moreover, 
tiie valve portion 70 of the spool valve 7 is contained in 
ttie bottomed hole 304. and its axial displacement is less 
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affected by the pressure in the engine cylinder. Conse- 
quently, the braking means 9 can be small-sized and 
made free from malfunctioning due to seizing with the 
effect of making controllable the individual fuel injection 
using the plurality of injection hole groups. 5 
An especially prefenred embodiment is: 

a variable injection hole type fuel injection nozzle, 
comprising: 

a nozzle needle having a seat portion; 

a nozzle body into which said nozzle needle is io 
inserted, said nozzle body having a bottomed hole for 
guiding pressurized fuel to a leading end portion of said 
nozzle needle below the seat portion of said nozzle nee- 
dle, and at least first and second injection hole groups at 
axially different first and second positions in a side wall is 
of the bottomed hole, respectively, saidfirst injection hole 
group having a plurality of injection holes being different 
in diameter from those of said second injection hole 
group; 

a spring; so 
a spool valve having a valve portion which passes 
through an axial center of said nozzle needle and a lead- 
ing end portion fitted into the bottomed hole of said noz- 
zle body, said valve portion being urged by said spring 
so that a lower end of said valve portion abuts against a 2S 
base of said bottomed hole in a normal condition, said 
valve portion defining a fuel passage therein, said fuel 
passage communicating with said first injection hole 
groups in the normal condition and communicating with 
said second injection hole group at a position where said 30 
valve portion is displaced axially against a force of said 
spring on receiving the pressure of the pressurized fuel; 
and 

braking means arranged in an upper region of 
said spool valve for selectively securely holding said 35 
valve portion of said spool valve at one of said first and 
second first and second positions. 

The foregoirtg description o1 a preferred embodi- 
ment of the invention has been presented for purposes 
of illustration and description. It is not intended to be 4o 
exhaustive or to limit the invention to the precise form 
disclosed, and modifications and variations are possible 
in light of the above teachings or may be acquired from 
practice of the invention. The embodiment was chosen 
and described in order to explain the principles of the 45 
invention and- its practical application to enable one 
skilled in the art to utilize the invention in various embod- 
iments and with various modifications as are suited to 
the particular use contemplated. It is intended that the 
scope of the invention be defined by the claims so 
appended hereto, and their equivalents. 



side wall of said bottomed hole, wherein the injection 
holes of one group have all tiie same diameter and 
are located on the same axial level, and injection 
holes of different groups have different diameters 
and are located on different axial levels; 
a spring (8); and 
a spool valve (7), 

said spool valve (7) having a valve portion (70) said 
valve portion (70) being forced down by said spring, 
so that a lower end of that valve portion (70) abuts 
against a base of said bottomed hole (304) in the 
normal condition, 

said valve portion (70) being lifted from a base of 
that bottomed hole (304) against the force of said 
spring (8), when the valve portion (70) is sufficiently 
pressurized with fuel. 

said valve portion (70) further comprising an internal 
fuel passage (75), and a fuel passage (76), said fuel 
passage (76) being in communication with the fuel 
injection holes (350), of tiie first group (35) of fuel 
injection holes in the normal condition, 
said fuel passage (76) being in communication witii 
the second group (34) of fuel channels (340). when 
tiie valve portion (70) is suff icientiy pressurized witii 
fuel. 

2. A variable injection hole type fuel injection nozzle, 
according to claim 1 . further comprising: 
braking means for selectively securely holding said 
valve portion (70) of said spool valve (70) at different 
axial levels, tiiereby selectively allowing or prevent- 
ing communication between said fuel passage (76) 
and said at least first and second injection hole 
groups (34, 35). 

3. A variable injection hole type fuel injection nozzle, 
according to claims 1 or 2, wherein 

said fuel passage (76) comprises individual fuel 
channels C761). said fuel channels (761) being dis- 
posed in tiie wall of said internal fuel passage on 
one axial level. 

4. A variable injection hole type fuel injection nozzle, 
according to any of claims 1 to 3. wherein 

said fuel passage (76) comprises an annular groove 
(760). said annular groove (760) being disposed in 
the outer surface of said valve portion (70). thereby 
allowing direct communication between said fuel 
injection holes (340, 350) within one group of fuel 
injection holes (34. 35). when said annular groove 
(760) is axially aligned with said group of fuel injec- 
tion holes (34, 35). 



Claims 

1. A variable injectbn hole type fuel Injection nozzle, 
comprising: 
a nozzle body (3). 

said nozzle body having a bottomed hole; and at 
least first and second injection hole groups in the 



5. A variable injection hole type fuel injection nozzle. 
55 according to any of claims 1 to 4, wherein 

said spool valve (7) comprises at least one radial 
hole (74), said radial hole (74) establishing commu- 
nication between that portion of said bottomed hole 
(304) which is above tiie valve portion (70) and tiie 
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internal fuel passage (75) of said valve portion (70), control means allows said braking means to hold 

thereby allowing pressurized fuel to enter said valve said valve portion of said spool valve to said second 

portion (70). position. 



6. A variable irijeuliun liule lypo iu6S injcCtiOri PiCZZlS, ^ 

according to any of claims 1 to 5, further comprising 
a nozzle needle (4), said nozzle needle having a 
seat portion (44), said nozzle needle (4) being 
inserted into said nozzle body, wherein said pressu- 
rized fuelis guided to the leading end portion of said . 10 
nozzle body (3), past the seat portion (44) of said 
nozzle needle (4). 

7. A variable injection hole type fuel injection nozzle 
according to any of the claims 2 to 6 further pompriS' is 
ing: sensor means for detecting operating conditions 

of an engine to output a detection signal represent- 
ative of a detection result; and 
control means (12) for controlling said braking 
means (9) according to the detection signal from 20 
said sensor means. 



8. A variable injection hole type fuel injection nozzle 
according to any of claims 2 to 7 wherein said brak- 
ing means (9) comprises means for allowing said 25 
spool valve (7) to axially move during non-operation 
and for forcibly hold said spool valve (7) at one of at 
least two predefined axial levels during operation. 



9. A variable injection hole type fuel injection nozzle 30 
according to any of the claims 2 to 8, wherein said 
braking means (9) is of a piezoelectric actuator type. 

10. A variable injection hole type fuel injection nozzle 
according to any of the claims 2 to 8. wherein said 35 
braking means (9) is of an electromagnet type. 



11. A variat)le injection hole type fuel injection nozzle 
according to claims 7 to 10. wherein said sensor 
means comprises a sensor (17) for detecting the 40 
angle of rotation and/or the number of revolutions of 
the engine and a fuel Injection pump, a load sensor 
(18) and a position sensor ( 1 4) for detecting the axial 
position of said valve portion of said spool valve. 

45 

1 2. A variable injection hole fuel injection nozzle accord- 
ing to any of the claims 7 to 1 1. wherein said first 
and second injection hole groups (34. 35) at saidf irst 
and second positions have large-diameter injection 
holes (340) and small-diameter injection holes so 
(350). respectively; and wherein when said control 
means (12) judges that the engine is in a high- 
speed, heavy-load state on tiie basis of the detection 
signal from said sensor means. sakJ control means 
(12) allows said braking means (9) to hold said valve ss 
portion of said spool valve (7) to said first position, 
and when said control means judges that the engine 

is in a low-speed, light-load condition on the basis 
of the detection signal from said sensor means, said 
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